Summary. By means of immunocytochemical methods, immunoreactivity for the brain isoform of nitric oxide synthase (NOS-I) was recognized in numerous Leydig cells of the human testis as well as in MA-10 tumor and TM3 non-tumor mouse Leydig cell lines. Within the Leydig cell cytoplasm, immunocytochemical results suggested the occurrence of factors known to activate NOS-I such as glutamate and aspartate, as well as molecules involved in the regulation of the NOS-I activity such as calmodulin and Cat/ calmodulin-dependent protein kinase II. Leydig cells, Sertoli cells, some endothelial cells of the testis, MA-10-and TM3 mouse Leydig cell lines exhibited a relatively strong NADPH-diaphorase enzyme activity as well. Double sequential immunostainings provided evidence that NOS-like immunoreactivity of the testicular Leydig cells is colocalized with testosterone, calmodulin, aspartate, glutamate, and Cat/ calmodulin-dependent protein kinase II. Sodium nitroprusside treatment did not result in increased cGMP formation by MA-10-or TM3 mouse Leydig cells, suggesting that NO produced by these cells acts primarily in a paracrine fashion.
The NO produced by NOS-I immunoreactive Leydig cells may act as a messenger :1) between neighbouring NOS-I positive and/or negative Leydig cells as well as to mediate the action of numerous intracellular and extracellular neuroactive substances and growth factors; 2) between Leydig cells and the muscle cells or pericytes of blood vessels to regulate local blood flow and permeability; and 3) between Leydig cells and peritubular myofibroblasts to influence their contraction and the permeability of the lamina propria.
Recent studies have shown that interstitial Leydig cells of the human testis belong to the diffuse neuroendocrine system or the paraneuron family (DAVIDOFF et al., 1993) . This is evidenced by immunocytochemical visualization of catecholamine synthesizing enzymes, a number of regulatory peptides and calcium binding proteins. Furthermore, it has been established that some of these biologically active substances are involved in autocrine and paracrine regulatory mechanisms of the testis (CHIVAKATA et al., 1990; ANGELOVA et al., 1991) . To further confirm this new aspect of Leydig cell function it was of interest to examine whether the Leydig cells possess the most important biochemical intermediates responsible for the generation of nitric oxide (NO)-a newly defined cellular messenger-and to examine what effects NO may exert upon some regulatory events of the testis.
There is no doubt that nitric oxide (NO) acts as an inter-and intracellular messenger in a number of biological systems. NO, a freely diffusible, water-and lipid-soluble gaseous molecule with a short half-life, is formed from L-arginine and molecular oxygen by a variety of enzymes termed nitric oxide synthases (NOS) (SCHMIDT et al., 1992; MARLETTA, 1993; KNOWLES and MONKADA, 1994; FORSTERMANN et al., 1994) . The constitutive brain isoform of NOS (NOS-I) is a highly complex 160-kDa cytosolic enzyme with NADPH as cofactor and FAD, FMN, heme and terahydrobiopterin as coenzymes (MAYER et al., 1990 (MAYER et al., , 1991 (MAYER et al., , 1993 MARLETTA, 1993; KNOWLES and MONCADA, 1994) . NOS-I has an absolute requirement for Cat+/calmodulin, but may be regulated also by other factors such as protein kinase A, protein kinase C and Cat+/calmodulindependent protein kinase II (NAKANE et al.,1991; BERDT et al., 1992) (NMDA)-gated channels (KIEDROwsKI et al., 1992) . NOS is also subject to regulation by sex hormones (WEINER et al., 1994) . Diffusing into the target cells, NO binds to iron, potentially regulating the activity of various heme-containing enzymes. NO especially activates soluble guanylate cyclase (MAYER et al., 1993) , which is responsible for the synthesis of the second messenger cGMP. By increasing intracellular levels of cGMP, this enzyme may exert a variety of short-and longterm neuromodulatory effects (GUY, 1991) . It is believed that, in addition to immunocytochemical methods, NOS-I may also be visualized enzymehistochemically by demonstration of the formaldehyde or glutaraldehyde resistant NADPH-diaphorase activity (DAWSON et al., 1991; HOPE et al., 1991; VALTSCHANOFF et al., 1992; BLOTTNER et al., 1993) . Previous studies revealed NADPH-diaphorase enzyme activity in Leydig cells of the testes of some vertebrates (WROBEL and KUHNEL,1967; WROBEL and ETREBY,1971) . However, these studies were performed on fresh frozen sections which might not favour a specific demonstration of NOS by the NADPH-diaphorase reaction (BRUNING, 1993; TRACEY et al., 1993) . Therefore, these results require confirmation in sections obtained from aldehydefixed material (DAwsoN et al.,1991; HOPE et al. 1991) .
The present paper describes results obtained from the immunocytochemical visualization of the NOS-I with a well characterized polyclonal antiserum against the neuronal type of NOS (MAYER et al., 1990 (MAYER et al., , 1993 KUMMER et al., 1992; KLATT et al., 1992; HERDEGEN et al., 1993) and the enzyme-histochemical demonstration of the aldehyde-resistant NADPH-diaphorase in the human testis. For a better characterization of the NO/cGMP pathway in the testis, we performed additional immunostainings for calmodulin, CA2+/calmodulin-dependent protein kinase II, glutamate and aspartate. Furthermore, the cGMP content of MA-10 tumor and TM3 non-tumor Leydig cells, after their stimulation by sodium nitroprusside, was measured by a specific radioimmunoassay (RIA).
MATERIALS AND METHODS

Materials
Testes were obtained from eight patients aged 30-86 years who were undergoing orchidectomy as a primary treatment for prostatic carcinoma. Pieces of different size were fixed for 24 h with the Bouin's fixative at room temperature and after dehydration in ascending alcohol concentrations embedded in paraffin. Other tissue blocks of the testes were frozen with liquid nitrogen, and 10 or 20um thick cryostat sections were mounted onto chrome-gelatin precoated slides. Some of these sections were fixed for 10 min at 4C with 4% paraformaldehyde in phosphatebuffered saline (PBS), whereas others were treated for 10 min with absolute methanol at -20t followed by a 5 sec immersion in acetone. Some of the 20um thick cryostat sections were lyophilized for 1 h in an Edwards tissue-dryer and fixed with paraf ormaldehyde vapour 1 h at room temperature. These sections were placed on a large drop of absolute methanol onto slides which were pretreated with polylysine. Four testes were perfused via the testicular artery, firstly with PBS and then with 2% paraformaldehyde in PBS or with 2.5% glutaraldehyde in PBS, and 3-5 mm thick slices were immersed overnight in 10 sucrose in 0.1 M phosphate buffer (pH 7.4). After freezing, the slices were cut in a cryostat and 10 or 20 um thick sections were mounted onto chrome-gelatin or polylysine precoated slides.
Immunocytochemistry
Using a peroxidase anti-peroxidase-avidin-biotin-peroxidase complex (PAP-ABC) amplification combination (DAVIDOFF and SCHULZE, 1990 ) the following antigens were visualized immunocytochemically in the sections of the testes: NOS-I with a rabbit anti-NOS-I serum (MAYER et al., 1990 ) with a working dilution 1:1000 (incubation time 24 h at 4C); calmodulin with a sheep anti-bovine calmodulin serum obtained by Polysciences (Warrington, U.S.A.) (dilution 1:100-1:200; incubation time 24 h); Cat+/calmodulin-dependent protein kinase type II (Ca/Calm PK II) with a mouse monoclonal antibody against the a-subunit of the enzyme ("major postsynaptic density protein") obtained by Boehringer (Germany) (diluted 1:1000; incubation time 24 h); glutamate with antiglutamate serum raised in rabbits (Sigma, St. Louis, U.S.A.; diluted 1:1000, incubation time 24 h); and aspartate with anti-aspartate serum raised in rabbits (Sigma; dilution 1: 200, incubation time 24 h). In the second step of the immunostainings, biotinylated anti-rabbit-, anti-mouse IgGs obtained by Dakopatts (Denmark) or anti-sheep IgG (Vector, U.S.A.), and in the third step, an Elite avidin-biotin-peroxidase-complex (ABC) (Vector U.S.A.) were applied. Although the identification of Leydig cells in the human testis provides no difficulties, they were additionally verified by histochemical staining for 3/3-hydroxysteroid dehydrogenase activity (see ANGELOVA et al., 1991) and by immunohistochemistry for visualization of testosterone using a polyclonal antiserum obtained by BioGenex (U.S.A.) and optimal dilution 1: 40. In order to verify that specific staining properties were restricted to the Leydig cells, we also performed an immunocytochemical identification of macrophagelike cells (see DAVIDOFF et al., 1993 ) using a monoclonal antibody against CD68/KP1 antigen obtained by Dakopatts (Denmark; dilution 1: 500).
In addition, double sequential stainings were performed for the visualization of NOS-I-and aspartate-, glutamate-, calmodulin-, testosterone-, Ca/Calm PK II or CD68-like immunoreactivity. We demonstrated these antigens by the application of an alkaline phosphatase anti-alkaline phosphatase-avidin-biotin alkaline phosphatase (APAAP-ABAP)-combination (DAVIDOFF and SCHULZE, 1990 ) and the PAP-technique with or without nickel-glucose oxidase amplification (STERNBERGER et al., 1970) . For visualization of the alkaline phosphatase activity we used naphthol AS-MX phosphate as a substrate, Fast Blue BB or Fast Red TR as a coupler and Levamisole as an inhibitor of endogenous alkaline phosphatase. In addition, a double sequential staining was also performed for establishing the colocalization of NOS-I and NADPH-diaphorase.
Specificity tests performed as follows: 1) The primary, secondary or tertiary antibodies were replaced by PBS. 2) Only the visualization of the marker enzyme activity (peroxidase, alkaline phosphatase) was performed. 3) Instead of the primary antisera, sections were incubated with normal rabbit or mouse serum (Sigma; Dako) in concentrations ranging between 0.1% and 0.01%. 4) For positive controls sections were incubated with polyclonal antisera against somatostatin and glial fibrillary acidic protein, or with monoclonal antibodies against desmin and vimentin (DAVIDOFF et al., 1993) .
Enzyme histochemistry
The NADPH-diaphorase enzyme activity was visualized according to SCHERER-SINGLER et al. (1983) as modified by BRUNING et al. (1993) . The aldehyde-fixed cryostat sections from the testes were incubated for 30-60 min at 37C in a medium containing 1 mg/ml NADPH, 0.1mg/ml nitro blue tetrazolium chloride and 10 mM sodium phosphate buffer, pH 7.4. After rinsing in PBS the sections were coverslipped with MA-10 and TM3 cell cultures MA-10 cells were chosen because they represent a stable and homogenous clonal cell line derived from a transplantable Leydig cell tumor of murine origin. MA-10 cells retain functional hCG receptors and respond to hCG via increased steroid production (AscoLI, 1981) . TM3 is a well characterized mouse nontumor Leydig cell line (MATHER, 1980) which specifically binds hCG.
The MA-10 cells were grown and maintained under a water-saturated atmosphere of 5% CO, and 95% air at 37C in pH 7.4 Waymouth MB 752/1 medium (Flow Labs) supplemented with 20mM Hepes, 2mM 1-glutamine, 100 IU/ml penicillin, 100ug/ml streptomycin and 10% calf serum (Serva) as described (AscoLI, 1981) . The TM3 cells were grown and maintained in a 1 : 1 mixture of Ham's F12 medium (with 1.2 g/l sodium glutamate and 15mM Hepes): Dulbecco's (with 4.5 g/l glucose) modified Eagle's medium, 5% horse serum and 2.5% fetal bovine serum. After reaching confluency in 10 ml of the above growth media (1 week), cells were harvested by trypsinization (Trypsin-EDTA, GIBCO), diluted with 40 ml growth medium and cultured on 48-well plates (Costar) for 3 days (250 , u1/well).
cGMP-RIAs
For experiments in which cGMP accumulation in MA-10 and TM3 cells was measured, the growth medium was removed and the plated cells were washed twice in pH 7.4 Locke's salt solution (154mM NaCI, 5.6mM KCI, 2.2mM CaClzi 6mM NaHCO3, 10 mM glucose, 2mM Hepes) containing 20uM bacitracin. Then they were preincubated in 125ul Locke's solution with or without 3-isobutyl-l-methyl-xanthine (IBMX; 0.25mM). Sodium nitroprusside (SNP, Sigma; 1mM, 0.1mM, 0.01mM, 0.001mM or 0.0001mM) was then applied in 125 ul of Locke's solution with or without IBMX for 1 h at 37C. Incubations were terminated by the addition of 0.5ml of -20C ethanol, enabling the measurement of the total (intra-and extracellular) cGMP. After at least 30min at -20C, the plates were centrifuged at 120 x g for 10min and samples of the supernatants were transferred to glass tubes, evaporated to dryness in a heated vortexer (50C) and then redissolved in 125ul Locke's solution +500ml H20 before use in the cGMP radioim munoassay. cGMP was measured as described (MUKHOPADHYAY et al., 1986) with RIA reagents kindly provided by IBL (IBL, Hamburg, Germany). Theminimum detection limit was approximately 10 fmol/tube, and cross reactivity with cAMP was less than 0.001%.
Immuno-and enzyme cytochemistry of cell cultures
After reaching confluence, trypsinized and diluted (see above) MA-10 and TM3 cells were cultured in 250,ul growth medium/well on 8 well chamber slides (Nunc) for 3 days. The cells were then washed twice in PBS, fixed in Bouin's fluid or 4% paraformaldehyde for 45min at 20C and washed twice again with PBS. The cells were stored in PBS until their use in immunocytochemical staining. For the NOS-I immunostaining, the protocol already described for tissue sections was applied. Aldehyde-fixed MA-10 and TM3 Leydig cell lines were investigated for NADPH-diaphorase enzyme activity according to the protocol applied on testis sections.
RESULTS
Immunocytochemistry
While immunoreactivity for some antigens under study was found in different structures of the human testis, the following description focuses on the staining properties of the Leydig cells. NOS-I-like immunoreactivity was detected in the testes of all patients investigated. The best results were obtained in paraffin sections from material fixed with Bouin's solution. The strongest immunoreactivity was present in the interstitial Leydig cells (Fig. 1) . The reaction precipitate was diffuse within the cytoplasm of the Leydig In some cases small groups of four to six cells were distributed in the vicinity of negative Leydig cells or large positive groups lying close to negative ones (Fig. 2) . A very low staining intensity was observed within the cytoplasm of the Sertoli cells. Only in one case was a moderate NOS-I-like Immunoreactivity seen in the endothelial cells of some blood vessels and fibroblast-like cells in the lamina propria and the interstitium.
In the cytoplasm of the Leydig cells both a moderate calmodulin-and a relatively strong calcium/ calmodulin-dependent protein kinase II-like immunoreactivity (Ca/Calm PK II) were recognized (Fig. 3) . Calmodulin-like immunoreactivity was also found in germ cells distributed in the apical portions of the seminiferous tubules, the Sertoli cells, cells of the lamina propria, endothelial and muscle cells of the blood vessels and some connective tissue cells of the interstitium.
The Ca/Calm PK II-reaction showed distinct differences in the staining intensity of the individual Leydig cells taht were comparable with the differences established for the NOS-I. Some nuclei of the germ cells as well as the connective tissue cells of the interstitium and periphery of the lamina propria exhibited also Ca/Calm PK II.
Glutamate-like immunoreactivity was distributed within the cytoplasm of the Leydig cells (Fig. 4) . Some of the fibroblast-like cells in the vicinity of the Leydig cell groups and at the periphery of the lamina propria were also glutamate immunoreactive. A strong aspartate immunoreactivity was seen within the cytoplasm of the Leydig cells in all cases. The immunoreactivity was recognized also within some cells distributed apically in the seminiferous tubules, in some connective tissue cells at the periphery of the lamina propria, and in the interstitium as well as in some endothelial cells of the blood vessels. Distinct differences in the staining intensity between the individual Leydig cells were regularly observed for both glutamate and aspartate.
MA-10-and TM3-Leydig cells contained also distinct NOS-I-like immunoreactivity.
The staining intensity was uniformly distributed within the cytoplasm of the cells (data not shown).
NADPH-diaphorase enzyme histochemistry
The strongest NADPH-diaphorase enzyme activity was exhibited by the Leydig cells, followed by the Sertoli cells (Fig. 5) . Connective tissue cells and some endothelial cells possessed only very low enzyme activity. Differences in the staining intensity were seen between the Leydig cells, but in comparison with the NOS-I-immunostaining, they were not so well expressed. A well expressed, relatively uniform NADPHdiaphorase enzyme activity was observed within the cytoplasm of the MA-10 and TM3 Leydig cell lines.
cGMP measurement in sodium nitroprussidetreated cells
After treatment of the MA-10 tumor and TM3 nontumor mouse Leydig cells by sodium nitroprusside no significant rise in the cGMP content was established (Fig. 6 ). The addition of IBMX did not influence the results obtained.
Double sequential immunostainings NOS-I-like immunoreactivity
of Leydig cells showed colocalization with testosterone-, calmodulin-, Ca/ Calm PK II-, glutamate-and aspartate-like immunoreactivities (Figs. 7-9 ). However, a small proportion of the Leydig cells possessed immunoreactivity only for glutamate and aspartate. In all cases macrophages were NOS-I negative. The double sequential stainings show that all NOS-I-immunoreactive cells were also NADPH-diaphorase positive, but not all NADPHdiaphorase positive cells were NOS-I immunoreactive (Fig. l0) .
DISCUSSION The NO/cGMP pathway in human testis
The present investigation provides the first evidence for the existence of neuronal NOS-I-, glutamate-, aspartate-, and Ca2+/Cal PK II-like immunoreactivity in the Leydig cells of the human testis. In accordance with previous results for the rat, we found a well expressed calmodulin-like immunoreactivity in human Leydig cells (KAGI et al., 1988) and showed for the first time in these cells aldehyde-resistant NADPH-diaphorase enzyme activity as well as NOSlike immunoreactivity and NADPH-diaphorase in mouse Leydig cells of the MA-10 and TM3 cell lines. Thus, the Leydig cells of the human testis exhibit most of the essential components of the NO/cGMP pathway (BREDT et al., 1990; GARTHWAITE, 1991; SNYDER, 1992; VALTSCHANOFF et al., 1993a, b) . In addition, earlier studies have shown that a number of neuroactive substances (e.g., substance P, 5-HT, met-enkephalin, POMC-derivatives) and other Catbind-ing proteins such as calbindin, protein S-100 and parvalbumin (DAVIDOFF et al., 1993 ) may be expressed by human Leydig cells. Recent studies have shown the coexistence of substance P and glutamate in terminals of small caliber primary nerve afferents (DE BIASI and RUSTIONI, 1988) . It seems very probable that substance P and other peptides can act independently to increase intracellular Ca2+ and to activate NOS (WoMACK et al., 1988; BUNN et al., 1990) . Substance P is expressed by human and mouse Leydig cells (CHIWAKATA et al., 1991) , and exerts an autocrine inhibitory effect upon the release of testosterone by isolated and cultured hamster Leydig cells (ANGELOVA et al., 1991) . Thus, in accordance with results obtained for other organs, it can not be excluded that substance P and other neuroactive substances expressed by the Leydig cells may influence the activity of the NOS-I.
Functional significance of NO in the human testis
As in other organ systems, nitric oxide produced by the Leydig cells represents primarily a paracrine factor (GALLEY et al., 1990; HOPE et al., 1991; VALT-SCHANOFF et al., 1992) . This assumption is supported by the observed distinct differences in the NOS-I-like immunoreactivity of the Leydig cells and the fact that MA-10-and TM3 Leydig cell lines, which are NOS-I-positive, did not show increases in their cGMP content after treatment with the NO-donor sodium nitroprusside (WOOD et al., 1989) . New findings have Fig. 11 . Schematic representation of the possible functional significance of the NO produced by Type I Leydig cells. Some of Type I cells are probably not able to utilize NO for their own purpose. The NO diffusing out from these Leydig cells operates in a paracrine fashion influencing the activity of (the arrows): 1) neighboring Leydig cells from Type I; 2) adjacent Leydig cells from Type II which are NOS-I-negative; 3) muscle cells and pericytes of blood vessels thus, modulating blood flow and permeability of the vessels; 4) myofibroblasts of the lamina propria regulating their state of contraction and the permeability of the lamina propria; 5) numerous exogenous and endogenous biologically active substances (neurotransmitters, modulators, growth factors, hormones) in a paracrine and/or autocrine fashion.
shown that sodium nitroprusside elevates the intranuclear and cytosolic free calcium concentration in PU5-1.8 cells (KONG et al., 1994) . Moreover, the treatment of MA-10-and TM3-Leydig cells with the calcium ionophore A 23187 alone or in combination with sodium nitroprusside did not result in an increase in the cGMP concentration (unpublished results). On the assumption that the NOS-I immunoreactive MA-10 and TM3 cell populations resemble the NOS-I-immunoreactive human Leydig cells, it seems very probable that some Leydig cells resemble cells in which the stimulation of NOS-I is accompanied by the simultaneous down-regulation of cGMP-accumulation due to the activation of a Cat+/calmodulinstimulated cGMP phosphodiesterase (KNOWLES et al., 1989; MAYER et al., b993) . Cells from this type do not themselves use the NO produced, but release the messenger into the extracellular space and influence cells distributed in their vicinity in a paracrine fashion (GALLY et al., 1990; HOPE et al., 1991; MAYER et al., 1993) . Alternatively, the inability of the Leydig cells to accumulate cGMP in response to NO may be related to the absence of soluble guanylate cyclase in their cytoplasm.
The results from present investigation allow the presumption that, in the human testis, at least two types of Leydig cells exist (NOS-I-positive and NOS-I-negative; Fig. bb) . Concerning the possible functional significance of NO released by NOS-I immunoreactive Leydig cells and taking into account the assumption that NO diffuses up to 100um from its site of release (GALLY et al., 1990; HOPE et al., 1991) and is inactivated within 5 sec (KELM et al., b988) , one can only speculate as to the functional significance of NO in the human testis: 1) NO may influence in a paracrine fashion the activity of neighboring NOS-Inegative and NOS-I-positive Leydig cells; 2) NO may modify in an autocrine fashion the activity of Leydig cells; 3) NO may influence the activity of muscle cells and pericytes of blood vessels such as metarterioles, precapillaries and capillaries; 4) NO may modulate the contraction and activity of the peritubular myofibroblasts and the myofibroblasts of the tunica albuginea (Fig. 11) .
NO as an intercellular messenger of Leydig cells
As for the possible influences of the NO radical as well as of the simultaneously released excitatory amino acids (glutamate/aspartate), other transmitters (catecholamines, indolamines), neuropeptides (substance P) and other biologically active substances (DAVIDOFF et al., 1993) , a paracrine action of these substances on the activity of NOS-negative and NOSpositive Leydig cells may be presumed. The released NO binds most probably to the heme group of the soluble guanylate cyclase of different target cells situated in the vicinity of the NOS-I positive Leydig cells, which in turn leads to the elevation of intracellular levels of the cGMP (IGNARRO, 1990; MAYER et al., 1993; STEFANOVIC-RACIC et al., 1993) . cGMP has numerous direct and indirect effects in neurons (GOY, 1991; BRUHWYLER et al., b993 ) and other cells. Earlier studies showed that cGMP activates tyrosine hydroxylase (TH) (RosKosKI et al., b987) , a rate-limiting enzyme of catecholamine synthesis; TH-like immunoreactivity was recently revealed in Leydig cells of the human testis (DAVIDOFF et al., 1993) . New findings show that NO modulates the endogenous release of dopamine in the bovine retina (BUGNON et al., 1994) . Furthermore, cGMP stimulates testosterone production in mouse Leydig cells in response to natriuretic peptides (MIKHOPADHYAY et al. 1986; SCHUMACHER et al., 1993; KHURANA and PANDEY, 1993) . However, new findings provide evidence that cGMP produced after stimulation of NOS results in an inhibition of testosterone secretion in the rat testis (ADAMS et al., 1994) . Thus, depending on the way of the induction of cGMP synthesis by natriuretic peptides or by NOS, the cGMP may exert stimulating or inhibiting action upon the testosterone production of the testis. Accordingly, by inducing the synthesis of cGMP in neighboring NOS-I-negative Leydig cells, NO may inhibit testosterone production or independently potentiate autonomic transmission or modulation in the testis. The detection of N-methyl-D-aspartate (NMDA) receptors in the Leydig cells will provide evidence whether excitatory amino acids (glutamate/ aspartate) are responsible for the Cat+/calmodulin dependant activation of NOS-I (LI et al., 1994) . On the other hand, NO and some of the above mentioned substances may act in an autocrine and/or paracrine fashion on NOS-I-positive Leydig cells to regulate the NOS-I activity and to mediate the activity of numerous biologically active substances (CHIWAKATA et al., 1991; CHOI, 1993 ). This view is partially supported by results providing evidence that endogenous NO blocks glutamate-induced calcium influx in neurons containing NADPH-d activity (IKEDA et al., b993) as well as the NMDA-and kainate-responses in rat hippocampal neurons (TANAKA et al., 1993) . Accordingly, inhibition of the NOS after total ischaemia leads to an increase of the extracellular glutamate concentration (ZHANG et al., 1993) . Furthermore, NO is involved in adenohypophysis in the control of LHRH release (RETTORI et al., b993) induced by norepinephrine or glutamic acid (RETTORI et al., b994 ) and the ovarian steroid-induced LH surge (BoNAVERRA et al., 1993) .
NO influences the release of vasopressin (OTA et al., 1993) as well as of LHRH and growth hormone by a dual (autocrine and paracrine) mechanism (CECCATELLI et al., 1993) . NO is also involved in the increase in the somatostatin release by the growth hormone-releasing factor in the rat periventricular nucleus (AGUILA, 1994) . In addition, an inhibitory effect of NO on the SP-and the cholinergic-motor neurotransmission was established in the guinea pig ileum (WIKLUND et al., 1993) . Finally, an inhibitory effect of NO on the action of sensory nerves in the rat mesentery (Li et al., 1993) and on the 5-HT-induced relaxations of the guineapig stomach (MEULEMANS et al., 1993) has been established.
NO may influence local vascular flow and permeability
There is strong evidence that endothelial-derived NO induces vasodilatation in response to numerous agents that increase intracellular Ca2+ like ATP, ADP, thrombin, histamine, acetylcholine, bradykinin and substance P (MONCADA et al.,1991; BRUHWYLER et al.,1993; YU et al., 1993; FORSTERMANN et al., 1994) . Moreover, in several tissues, including the brain, neural-derived NO modulates the microvascular tone and plays a significant role in controlling vasomotor frequency and amplitude (VALTSCHANOFF et al., 1992; MORITA-TSUZUKI et al., 1993; WET et al., 1993) . In this way an increased regional blood flow is coupled to corresponding cellular activity. By analogy, NO released by Leydig cells may regulate the flow dynamics through blood vessels located at their vicinity by modulating the activity of the vascular wall muscle cells and pericytes. New findings show that nonendothelial-derived NO activates the ATP-sensitive K+ channels of vascular smooth muscle cells of the porcine coronary artery (MIYOSHI et al., 1994) . Moreover, NO and cGMP cause vasorelaxation by the activation of a cGMP-dependent protein kinase which activates the Ca-sensitive K-channels (ARCHER et al., 1994) . Recently, a NO-mediated substance P arteriolar and arterial dilatation was confirmed in the retina (KITAMURA et al., 1993) . NO/cGMP mechanisms are responsible for the relaxation of the retinal pericyte contractile tone (HAEFIGER et al., 1994) . NO also modulates sympathetic vasoconstriction and basal blood flow in knee joints (NAJAFIPOUR and FERRELL, 1993) as well as the noradrenaline-increased blood flow through brown adipose tissue (NAGASHIMA et al., 1994) and adrenal medulla (MoRo et al., 1993) . Furthermore, NO centrally stimulates the release of vasopressin (OTA et al., 1993; YASIN et al., 1993) , and in the peripheral nervous system, a modulatory role of NO was established in the vasodilatatory effect of arginine vasopressin in human forearm vessels (TAGAWA et al., 1993) . However, as recently reported, vasodilatation induced by non-adrenergic non-cholinergic (NANC) nerves or by exogenous calcium gene-related peptide (CGRP) in mesenteric vascular bed does not involve NO production (AMERINT et al., 1993) . On the other hand, NANC nerves have a vasodilatatory effect in the rabbit urethral lamina propria (ZYGMUND et al., 1993) . Evidently, local and species related differences are responsible for this discrepancy (see VIZZARD et al., 1994) . The results of the present investigation and the above-mentioned literature data allow the presumption that the blood flow through the testicular vasculature may be influenced by two NO-dependent systems. The first one involves NO released by endothelial cells (produced by endothelial NOS) in response to blood-born factors, and the second involves NO released from NO-producing Leydig cells situated at different intervals in the vicinity of the testicular blood vessels in response to some autocrine and paracrine factors. Thus, the NO produced by the Leydig cells may influence local blood flow dynamics and adjust it to the quality and quantity of substances entering or leaving the interstitial fluid. This action of NO is of importance for the regulation of the exchange rate of substances between the blood and the interstitial fluid.
NO and peritubular/tunica albuginea myofibroblasts Nitric oxide influences the contraction of gastrointestinal musculature (BUNK et al., 1990; BRAVE et al., 1993; KRAMMER et al., 1993; WIKLUND et al., 1993) . Leydig cells and peritubular cells of the suminiferous tubules lie in a narrow spatial relationship. Single Leydig cells are even located within the lamina propria. Thus, the possibility exists that NO released by Leydig cells may also regulate the contraction and the functional activity of the peritubular myofibroblasts (DAVIDOFF et al., 1990) , and respectively, the permeability of substances throughout the lamina propria of the seminiferous tubules. Moreover, NO produced by ectopic Leydig cells of the tunica albuginea of the testis (REGADERA et al., 1993) may also participate in the regulation of the contractile tone of its myofibroblasts (HOLSTEIN, 1968) .
Taken together, the results obtained suggest the existence of NOS-I-like immunoreactivity in the Leydig cells of human testes and their ability to produce NO after appropriate stimulation. NO produced by Leydig cells acts most probably in a paracrine but also in an autocrine fashion and may influence the activity of neighboring Leydig cells, muscle cells and pericytes of testicular blood vessels and the peritubular/tunica albuginea myofibroblasts. In this way, NO may participate in the regulation of the testicular activity related to the functions of Leydig cells and the interrelationships between the blood vessel-, interstitial-, peritubular and probably intratubular compartments of the testis. of NADPH-diaphorase in the brain of the chicken. J. Comp. Neurol. 334:192-208 (1993 Lett. 158: 193-196 (1993) . KAMATA, K., M. KOHZUKI, M. MISAWA and Y. KASUYA:
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